Human development encompasses a relationship between genetics and environment factors including affective, social, cognitive and motor development. Physical activity can reduce the risk of several diseases also stimulating health promotion, feelings expression, formation of critical awareness, autonomy development, motivation for study and others. In case of deaf students, physical education also has other benefits, including social inclusion. Many challenges need to be overcome on adapted physical education for deaf students such as the lack of bilingual teachers and also the lack of specific signs of some important words for physical education. Herein we reviewed the benefits of physical activity for deaf children, highlighting some adaptations for helping on teaching and learning and development of this public.
education. On that new perspective, the concept of culture gains more importance and redefine the relationship among physical education, body nature and knowledgement (Kunz, 1991; Mendes & Nobrega, 2009; Bracht, 2005) . Human development is linked to endogenous factors such as: genetics, ethnicity, hormones, among others (Stafford, 2005) also including exogenous or environmental factors such as nutrition and physical activity (Lima et al., 2001) . Currently, the Dynamic Systems Theory is used to study human development. Dynamic systems are systems of elements that change constantly. This theory states that through self-organization, it is possible to understand the emergence of new behaviors within motor development through dynamic relationships between humans and the environment. The areas of application include motor development, perceptive and cognitive development, and social development (Gorla & Araujo, 2007; Haywood, 1986; Smith & Thelen, 1993) .
The motor development constraints involve the dynamic relationships among environment, person and motor task, being relevant to understand the development itself (Manoel, 1996; Newell, 1993) . Literature describes that the continuous process of motor development goes from simple and unorganized movements to complex abilities, from birth to death (Haywood, 1986) . Organisms in development are complex as they are constituted of many components, which are in continuous interaction among them and with the environment. These interactions may cause changes in components and in the whole system, which is called multicausality. According to Smith & Thelen (1993) , the development can be described as a series of evolving and dissolving patterns of varying dynamic stability, and are not an inevitable march toward maturity (Serbetar, 2014) .
Benefits of Physical Activity for Deaf Children
The definition of Physical activity may vary and one of them is that physical activity is the body movement produced by skeletal muscle that increases energy expenditure. It is linked to the improvement of human psychic, affective, social, cognitive and motor development. Many studies have shown that moderate-intensity physical activities have significant health benefits (WHO, 2019; Caspersen, Powell, & Christenson, 1985; Zeng et al., 2017) .
Physical activity reduces the risk of cardiovascular disease, diabetes, depression, obesity; while the lack of physical activity increases it (WHO, 2019; Kohl III & Cook, 2013) . Even in case of patients with specific disorders (e.g. cancer or diabetes) physical activity may bring beneficial effects such as reducing fatigue, improving physical condition, mood and quality of life, helping with cardiovascular integrity, insulin sensitivity, and others (Beuchat-Mamie et al., 2018; Melmer, et al., 2018; Squires, et al., 2018) . Thus these activities may bring psychological and physiological benefits (e.g. health promotion, feelings expression, formation of critical awareness, autonomy development, and motivation for study, among others) (Munoz et al., 2004; Pettersson, 2000; Sarma, 2017; Mavilidi et al., 2018 Physical activity can be carried out without restriction by the deaf population.
Deaf generally refers to a person who is unable to hear and process information by hearing process. The bilateral hearing loss is: 1) severe when the loss is between 70 -89 dB, and 2) profound when the loss is higher than 90 dB loss (Hoffman et al., 2010; Ercan et al., 2016) . A deaf child cannot hear and thus, is not able to spontaneously learn how to talk and comprehend speech (Mayberry, 2002; Hoffman et al., 2010) . Commonly deafness is related only to hearing loss, and does not affect the capacity for practicing physical activity (Barboza et al., 2015) .
Initially, Deafness restrains the development of spoken language and cognitive development (which is complex and diverse) will depend on how the family and society react to and interact with deaf children (Mayberry, 2002) . According to the literature, deaf children of deaf parents show better performance academically, linguistically and socially in comparison to deaf children of hearing parents. However, according to Lieberman et al. (2004) , motor development shows no significant difference between these two groups.
Studies have shown that deafness is usually followed by impairment of the vestibular system (Crowe & Horak, 1988) . Thus postural control deficits are not uncommon (Azevedo & Samelli, 2009) . In children, the relationship between loss of balance and deafness is clearly observed. Close to the age of ten years, a good control of the body by the deaf is achieved, due to a more effective integration between the visual and proprioceptive systems (Gimenez, 2005; Kaga, 2008) .
Balance-related motor development is different in the deaf child and teenagers regarding the static equilibrium. In the absence of visual cues (i.e. closed eyes), the balance becomes even more compromised and the dynamic balance will present deficits in these individuals. According to some authors, the recovered balance (180˚ turn) also appears better in hearing than in the deaf people (Azevedo & Samelli, 2009) . Deaf children may have problems in performing some motor tasks as: maintaining balance on chosen leg, jumping and clapping one's hands over the head and walking linear foot by foot (Brunt & Broadhead, 1982 , Zwierzchowska, Gawlik, & Grabara, 2004 . Thus, studies have detached the importance of early intervention to address the balance deficit in deaf children (Ebrahimi et al., 2017) . These differences can be minimized by practicing physical activities that lead deaf children learning to compensate the vestibular deficit, adapting to it with the information received by other senses (Almeida, 2000) .
Since balance is a trainable skill, physical experiences through physical education classes can minimize the differences between deaf and hearing body response.
Posture strategies are often developed by the deaf as a way to compensate their lack of balance. On that purpose, specific training should also be added to the classes, providing an improvement in their motor development and quality of life (Azevedo & Samelli, 2009 ). Lewis et al. (1985) 
Deaf Education: The Achievements and Challenges
Many changes related to deaf education have occurred worldwide. In the sixteenth century, the first attempts to stimulate the deafs to learn lip-reading were initiated. In 1755, in France, the first school for deaf was created (Rocha, 1997) .
Abbé Charles-Michel del'Épée was a philanthropic educator of 18th-century in France and is considered the "father of the deafs". He used the signs made by children, adding and adapting others to French terms and grammatical elements (Reis, 1992) . Desloges was the first deaf to divulge the existence of a French sign language in 1779 (Armstrong & Wilcox, 2007) . In the United States, the gestural method coming from France was implemented by Thomas Gallaudet in 1816 by the creation of the Gallaudet institution (Reis, 1992) .
The 19 th century is recognized as the Oralism period as sign language was disqualified for teaching deaf people in 1880 at the International Congress of Deaf people in Milan (Rocha, 1997) . At this event, the deafs did not have the right to vote, resulting in 160 votes for Oralism and only 4 for the Sign Language (Rocha, 1997; Gomes, 2010) .
In 1960, Stokoe conducted studies in the United States that demonstrated that the "gestures" of the deaf were not mimic, but a structured language code with rules for word and phrases construction. These rules obeyed a grammar of their own, which allowed the attribution of gestures used by the deaf to the status of a language (Gomes, 2010) .
In the twentieth century, the Total Communication or Bimodalism which uses the oral and sign languages simultaneously appeared, but the main criticism was the difficult to learn both languages (Brito, 1993; Reis, 1992) . Currently, given the importance of learning the natural sign language, the Bilingual approach is the main strategy requested by deaf community for deaf education in several countries. This approach proposes the learning of the two languages: the Sign Language as L1, and the Language of the hearing community where the deaf person is inserted, as L2.
According to Quadros (1997) , the children acquire their first language naturally and spontaneously through the visual sense, and this language is not taught.
No one teaches anyone to speak; we simply learn how to speak by ourselves.
Since the deaf individual is deprived of the auditory sense, they cannot acquire the speak language in a natural way, Thus, this acquisition will take place artificially, as a second language. Similarly, no one teaches signaling; but in a natural way deaf children learn how to sign. Quadros (1997) discussed that when the hearing children get to school, they already know how to talk the country oral language. Analogously, deaf children from deaf parents naturally have learned their country Sign Language. There- (Quadros, 1997) . According to Pedreira (2007) , the earlier the child acquires a language, in case of deaf children the Sign Language, the more efficiently he/she can construct his/her identity, interact, understand and construct meanings of the social world. Regarding teaching physical education, one of the factors that most compromise the learning process of deaf students is the lack of knowledge of a Sign Language by many teachers, and the restricted number of signs regarding the sports subjects, as occurs in case of the Brazilian sign language (LIBRAS) (Rizkallah, 1991) . Thus, it is difficult, for example, to guarantee accessibility to major sporting events and develop athletic vocations without the signs about physical activity and physical education. Barboza et al. (2015) searched for the signs of 33 Olympic sports in LIBRAS and found only 10 signs available online. Among these, misrepresentation and inaccurate signs were also observed. The comparison with American Sign Language, Spain Sign Language and France Sign Language showed also inconsistencies in these languages regarding these sports. This may also compromise teaching physical education.
Studies recommend some strategies for the physical education teacher to communicate with the deaf students as: to speak face to face to stimulate lip reading; to use facial expressions and gestures; to be positioned in a place to garantee visual contact (Auxter et al., 2010; Munster, 2011) . But it is not clear if only these estrategies will make the deaf students participate and learn from the same activities than the students without disabilities (Fiorini & Manzini, 2018) .
Lip reading for example, depends on the conditions of visibility and luminosity;
and demands the understanding of the context by the deaf. According to Samuelsson & Rönnberg, 1991 , only 5% of words in phrases are correctly identified by lip reading (Ortiz, 2008) .
The presence of a bilingual teacher which may represent the better scenario is rare, not only in physical education area, but also in other educational areas and sometimes deaf students were limited to copy teacher demonstration in physical education classes (Quadros, 1997) . Kurkova et al. (2010) found in their study some challenges for physical education classes as the ratio of students-teachers, and the potential risks involved in several activities during the classes. Fiorini and Manzini (2016) also used a questionnaire to evaluate the conceptual of physical education teachers about inclusion of the student with disability. In teachers' opinion, the deaf students were not considered by the teachers as the most difficult students to include in the classes;
those with visual disabilities were cited as the most difficult to include. Besides, the majority of the participants believe the strategies and materials used in the classes should not be the same for students with or without disabilities. Haegele, 
Adapted Physical Education for Deafs
Physical Education can contribute to promote inclusion in schools. An inclusive school must accept, welcome and educate all students, including those with special educational needs (Mantoan, 2009) . It is necessary to understand the participation and valorization of each student. In this aspect, teachers must understand the limitations, the difficulties, as well as the qualities and capacities of each of them in the various activities applied (Cavalcante, 2007) .
The ideal physical education environment is the one where physical education teachers help students to enjoy physical activity, promoting a healthy life style and fitness. For many students the physical education classes are the only moment of physical activity during the day (Stewart & Ellis, 1999; Zaccagnini, 2005) . In case of deaf students, the benefits from physical education could be improved with some adaptations. The strategies for teaching deaf students
should also consider the instruction of the activities and communication with the deaf students. In some cases the teacher should change the rules of the activity to avoid the exclusion of these students (Lieberman & Cowart, 1996) . According to Fiorini & Manzini (2018) the better estrategies to promote the participation of the deaf students in the same activities as the others are those simple activities with a teaching purpose and that respected the characteristics, needs and potentialities of these students.
Adaptations in the physical education can improve the benefits for deaf students in many aspects, as for example Lieberman reported a case of a deaf student that despite the instructions of an interpreter, always waits the other students do the activity to follow them. The teacher realized that she has never asked to be a captain. So, they planned leadership opportunities for her as leding the stretching class, being a squad leader for the obstacle course unit and others.
The leadership opportunity may improve the self-esteem, and self-perception of these students (Sherrill, 2004) .
Physical education classes for deaf students should be differentiated, oriented and supervised. Instead of sound tracks, such as the whistle, some visual cues should be used, such as images, flags, and demonstration materials (Table 1) . It is interesting to consider the theory of dynamic systems in the sense of the deaf person interaction with the visual environment in which they are inserted, thus respecting their auditory limitations (Barboza, Campello, & Castro, 2015) . There are two fundamental changes that characterize motor development: increased diversification and complexity (Connolly, 1970) .
Rhythmic coordination activities can be proposed for deaf students, with or without using music. Music is always related to the sounds perception and, (Mithen, 2005; Zaghetto, 2013) .
There is a current need for teachers that work with diversity and inclusion perspectives in physical education area. Teachers that use sign language fluently maintain a direct communication with deaf students, with clear dialogues, which allow these students to have more confidence. These teachers can facilitate the deaf-hearing interaction by obtaining a true inclusion in the class through the use of tools and strategies oriented to the specific needs of the deaf student (Mourão, 2008) .
A sense of belonging to a community, of being accepted and accepting the others, of recognizing and being fully recognized generally involves language (Quadros, 1997) .
Deaf students enrolled in regular classes feel valued when teacher and other colleagues know or want to learn sign language. Thus, the social interaction must be prioritized and stimulated by all teachers, including physical education teachers, creating an inclusive environment in all possible aspects. Motivated teachers (with knowledge and skills to teach deaf students) are also essential. As well as in case of children with other disabilities to guarantee the quality of the classes, health and safety (Kurkova, Scheetz, & Stelzer, 2010; Clark, 1995) .
In case of missing signs, the problem is huge for teaching physical education.
It is important to develop signs for each sport involving the iconic aspect of the movement of each sport, thus, allowing accessibility to the deaf community (Frydrych, 2012) . In addition, the safety issue should also be considered. Some deaf students have hearing aids and cochlear implants, thus they should be careful not to break them. Contact sports, impacts near the ear, slips and falls may damage the implant. If it happens, a new implant and surgery will be needed and it is unknown if the new implant will function as the previous one (FDA, 2018).
Final Considerations
Deaf children can and should practice physical activities, and many benefits had However, when faced with the reality of inclusion in the school, there is a lack of physical education teaching materials to work with the deaf, especially those that consider their native language (Sign language), visual-motor nature or bilingualism. There are many issues that still need to be addressed and studied in the future, such as the efficacy of some proposed strategies of adapted physical education for inclusion, the evaluation of larger groups of deaf students in more schools, in more countries with different cultures and sign languages, the analysis of the activity considering the feedback from the deaf children, as many studies were done with the physical education teacher. Studies may also compare the efficacy of an activity done with the deaf students by a bilingual teacher or a non-bilingual one. In parallel more training for physical education teachers to acquire knowledgement and skills, besides the motivation to follow in inclusion is also needed. Importantly, this review presents considerations about the benefits of physical education for deaf students with practical significance in disseminating information to physical education teachers and other people who are interested in this theme, which may contribute to inclusion; the limitations are the few studies in this theme and the lack of more profound evaluation of the strategies to guarantee inclusion in physical education classes, as most of the studies are only reporting the modifications done. Adapted physical education can be used to motivate and stimulate deaf students to perform social interaction with other students and vice-versa. Thus, physical education classes for these students should allow a differentiated instruction, and the knowledge of sign language by their teachers is essential to achieve a direct communication within this public, creating a true inclusive environment.
